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INTRODUCTION
In 1897, childhood arthritis was first described as a distinct disease entity by Still League of Association for Rheumatology (ILAR) established an international consensus that led to the criteria for juvenile idiopathic arthritis (JIA).
JIA is defined as arthritis that starts before the age of 16 years, persists for at least 6 weeks, and has no specific cause. JIA is divided into seven subtypes based on clinical symptoms during the first 6 months of the disease, and based on inclusion and exclusion criteria. 2, 3 These subtypes all have a different initial presentation, course, and prognosis. 2, 4 The temporomandibular joint (TMJ) can be affected unilaterally and bilaterally, early or late in the course of the disease, and it can even be the first joint affected. The reported frequency of TMJ involvement ranges in the literature from 17% to 87%, depending on the population investigated, the subtypes represented, and the radiologic method by which involvement is diagnosed. [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] Only one study reported the incidence of TMJ involvement in all subtypes of JIA. 6 The most important site of growth of the mandible in the vertical and sagittal direction is located on the articular surface of the condylar head. [12] [13] [14] [15] During nor- mal growth of the dentomaxillary complex, the vertical dimension increases more than the sagittal dimension does. Arthritis of the TMJ results in reduced mandibular growth and subsequent alteration in dental occlusion and may even affect total craniofacial growth. [8] [9] [10] Alterations in the craniofacial structure of patients with JIA were described in several studies. 11, [16] [17] [18] [19] [20] These patients demonstrated retrognathia and increased mandibular posterior rotation. Usually, the characteristic facial morphology has been associated with condylar destruction. 11, [16] [17] [18] [19] [20] Most studies were performed in the oligoarticular and polyarticular subtypes, with a greater number of retrognathia and posterior rotated mandibles noted in the polyarticular subtype. 11, 16, 17 Only one study reported mild downward and backward rotation of the mandible in the systemic subtype. 1 The patient cohort of the Temporomandibular Joint Rheumatologic Involvement Project (TRIP) studies is based on an initial cross-sectional population of 97 consecutive patients who represented all subtypes of JIA. In TRIP 0, the frequency of TMJ involvement diagnosed with an orthopantomogram (OPT) was 45%. 5 Craniofacial morphology was altered in patients with JIA regardless of TMJ status, although this occurred more commonly in patients with TMJ involvement. 20 TRIP 1 (1 year later) reported a yearly incidence of TMJ involvement of 7%. 6 A drastic decrease in the prevalence of OPT alterations was observed during follow-up. 6, 7 The aim of this survey was to study how the course of condylar alterations can influence the craniofacial skeleton in patients with JIA over a 5-year period.
MATERIALS AND METHODS

Patients
Initially, 97 consecutive patients with JIA according to Durban criteria were referred for comprehensive orthodontic evaluation in the TRIP 0 study. In TRIP 5, these patients were reviewed 5 years later to evaluate the prevalence and severity of TMJ involvement and facioskeletal changes. A total of 70 patients from the initial cohort were included; with an OPT and lateral cephalogram (LC) available at both evaluations, 27 (28%) patients from the initial cohort were excluded (1) for not consenting to participate in this 5-year follow-up study (n ϭ 13; 13%), (2) because of invalid LC (n ϭ 1; 1%) or invalid OPT (n ϭ 4; 4%), or (3) because of missing LC results (n ϭ 10; 10%). Consequently, the TRIP 0 cohort was adjusted so that only patients represented in the TRIP 5 study were included. The mean interval between consecutive radiographs was 68 months (range, 53 to 73 months). The study was approved by the Medical Ethical Committee of the Erasmus MC-Sophia Children's Hospital, and written informed consents were obtained from all patients.
Radiographic Examination
Standardized radiographic examination was performed with the use of LCs and OPTs. All LCs were digitized with an Epson 1680 Pro Scanner (Epson, Long Beach, Calif) and were traced with QuickCeph 2000 software (Quick Ceph, San Diego, Calif). The following values were measured ( Figure 1 ): ANB, indicating the discrepancy, or sagittal relationship, between maxilla and mandible; and GO-GN-SN and OP-SN, both evaluating the divergency of, or vertical relationship between, the maxilla and the mandible. 21 We used these angles to describe retrognathia and posterior rotation to enhance comparability with various surveys on craniofacial alterations in JIA. 8, 11, 12, [16] [17] [18] [19] [20] TMJ involvement was defined as condylar alterations seen on OPT and was diagnosed according to the six categories of Rohlin and Petersson as follows 22 : grade 0, normal conditions; grade 1, slight abnormality; grade 2, definite early abnormality; grade 3, moderate destructive abnormality; grade 4, severe destructive abnormality; and grade 5, mutilating abnormality. The OPTs were scored by two individual reviewers, who were blinded to information on the patient and to results of the other reviewer. Intraobserver and interobserver correlations and the intraclass correlation coefficient showed good reproducibility of results and a low error of method in a previous study. 
Cephalometric Standards
Control data for the cephalometric measurements of patients 6 to 16 years of age were obtained according to sex and age on the basis of the methods of Riolo et al. 23 Normal values for patients older than 16 years were based on the Steiner analysis. 24 Normal growth according to age, gender, and ethical background are included in these control data. Posterior rotation of the mandible was defined as Ն2 SD of the norms for GO-GN-SN and OP-SN, according to Riolo. Retrognathia was defined as an ANB angle exceeding 4 degrees. The LCs were examined by one reviewer, but intraobserver and interobserver and intraclass correlation coefficients of the LCs showed good reproducibility and a low error of method in a previous study.
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Statistical Analysis
The Statistical Package for the Social Sciences (SPSS), version 12.0 for Windows (SPSS Inc, Chicago, Ill), was used for data analysis. Descriptive statistics were used to describe differences between groups. Because groups were small, medians are given. Continuous measurements were described as medians with 25th and 75th percentiles. To compare differences in means between the group with and the group without craniofacial alterations, the paired t-test was used for continuous variables. Statistical significance was defined as P Ͻ .05.
RESULTS
Patients
Patient characteristics are summarized in Table 1 . All subtypes of JIA were included and corresponded with the percentages in pediatric rheumatology populations. The population of 27 boys and 43 girls had a mean age of 16 years and 3 months (range, 8 yr 9 mo to 24 yr 8 mo), and a mean duration of the disease of 10 years and 1 month (range, 6 yr 3 mo to 18 yr 10 mo).
TMJ Involvement
According to the grading system of Rohlin, 26 of 70 (37%) patients had TMJ involvement in TRIP 5 compared with 32 of 70 (46%) patients in TRIP 0. The overall decrease in prevalence is not statistically significant. However, the decrease in severity of condylar alterations and the number of patients with improvement in condylar alterations, including complete recovery of these alterations (28/70 patients), are statistically significant (P Ͻ .05). Table 1 summarizes the frequency of TMJ involvement, divided by subtype in TRIP 5 and adjusted for TRIP 0.
When the condylar alterations in TRIP 5 were compared with those in TRIP 0, 32 (46%) patients were seen to have stable normal condyles, 4 (6%) patients showed no change in condylar alterations, 28 (40%) patients showed improvement in affected condyles, and 6 (8%) patients exhibited worsening of condylar alterations.
Cephalometric Analysis
Retrognathia. The overall prevalence of retrognathia divided by subtype is summarized in Table 1 . This prevalence as described is accurate, regardless of TMJ status in TRIP 0 and TRIP 5. In contrast to the decrease in overall prevalence of condylar alterations, the overall prevalence of retrognathia remains the same during follow-up (67% TRIP 0 and 64% TRIP 5).
In addition to the prevalence of retrognathia, the degree of retrognathia was measured in TRIP 0 and a When the sagittal relationship is looked at (ANB), it can be seen that 50% of patients with initial TMJ involvement with improved condylar alterations and initial retrognathia show improvement in ANB. When the vertical relationship is looked at (both OP-SN and GO-GN-SN), 50% and 38%, respectively, of patients with initial TMJ involvement with improved condylar alterations and initial posteriorly rotated mandibles show improvement in the degree of posterior rotation.
b TMJϩ, Condylar alterations in TRIP 0. c TMJϪ, Normal condyles in TRIP 0.
[range, 3.4 to 5.8]; P ϭ .000). In Table 2 Changes in the degree of posterior rotation of the mandible in relation to changes in condylar alterations during follow-up are described in Table 2 . Improvement in the degree of posterior rotation in the 32 patients with TMJ involvement was more common in the 28 patients with improvement in condylar alterations (10/20 [50%] by OP-SN, and 6/16 [38%] by GO-GN-SN). The four patients with persistent condylar alterations showed no improvement in degree of posterior rotation.
In TRIP 0, posterior rotation measured by OP-SN was seen in 21 of 32 (66%) patients without condylar alterations in TRIP 0 and TRIP 5. During follow-up, 12 of these 21 (57%) patients showed improvement in the degree of posterior rotation. If measured by GO-GN-SN, 15 (47%) patients showed posterior rotation in TRIP 0, and 10 (67%) patients exhibited an improved degree of posterior rotation during follow-up.
DISCUSSION
TRIP 5 is the first long-term follow-up study on changes in craniofacial alterations in a cohort of patients with JIA in relation to condylar alterations as determined on an OPT. All subtypes of JIA are represented, corresponding with percentages found in a pediatric rheumatology department.
Our hypothesis was that if the condylar alterations would improve, craniofacial morphology also would improve. Besides the decrease in overall prevalence of condylar alterations, a decrease in overall prevalence of posterior rotation was seen, supporting our hypothesis. During 5 years of follow-up (TRIP 5), the overall prevalence of retrognathia remained the same. In ad-dition to the overall prevalence of retrognathia and posterior rotation, the degree of retrognathia and posterior rotation was studied. After 5 years of follow-up, a trend toward normalization of craniofacial measurements was observed, as well as improvement in the degree of retrognathia and posterior rotation. Improvement in degree was seen more often in posterior rotation (both OP-SN and GO-GN-SN) than in retrognathia. Patients with improvement in condylar alterations and those without condylar alterations in TRIP 0 and TRIP 5 showed greater improvement in the degree of retrognathia and posterior rotation than did patients with persistent or newly developed condylar alterations. Because age, gender, and ethnic background are included in the reference values for measurements of the LCs, normal growth alone cannot explain the improvements and the trend toward normalization.
The difference in overall prevalence of posterior rotation and retrognathia and the continued trend toward normalization in posterior rotation of the mandible can be explained if the improvement in condylar changes has a greater effect on vertical relationships than on sagittal relationships. Because the posterior rotation describes the vertical relationship, it demonstrates a greater improvement than retrognathia, which describes a sagittal relationship. Sagittal growth is directed from the condylar growth center by means of bone remodeling. Cytokines involved in JIA, such as interleukin (IL)-6, are known to influence bone remodeling processes, which could explain the remaining retrognathia in most patients with JIA. We expect posterior rotation of the mandible to normalize to an even greater extent over an even longer period, as long as the condyle has growth potential.
In agreement with our first study, retrognathia and posteriorly rotated mandibles were more common in patients with JIA than in the normal population, and this tendency was even stronger if the TMJ was involved. The high prevalence of retrognathia and posterior rotation in all patients with JIA can be explained by a negative effect on craniofacial growth caused by the disease JIA itself. These alterations in craniofacial growth may be restored to near normal values if the arthritis in JIA is diminished. In most patients, disease activity can be controlled by sufficient medical treatment.
This study has some limitations. Magnetic resonance imaging (MRI) is considered the gold standard for the diagnosis of TMJ involvement; however, MRI has shortcomings, including the need for sedation in young children and greatly increased costs. Also, MRI is not available in all orthodontic and dental practices, as is the OPT. The OPT is a good diagnostic tool for condylar alterations over the long term and is easily accessible.
Kappa statistics for the intraobserver and interobserver agreement are high for the OPT, and cephalometric measurements are described in Twilt et al. 20 These methods are useful tools in the follow-up of erosive changes for all patients with JIA.
A selection bias could have occurred in that not all patients were represented in this follow-up study. However, the number of missing patients is divided almost equally among subtypes and TMJ status in TRIP 0.
Eruption of teeth may have an influence on vertical development; therefore, the dental age of children should be incorporated in a follow-up study.
Acknowledging facioskeletal changes in arthritis of the TMJ is important because they may lead to esthetic problems, like the well known ''bird-face'' appearance, and they can cause oral health problems and difficulty chewing and intubating. Changes in condylar rating may have an important influence on the esthetics of the face. If the condylar situation can improve with treatment, as is demonstrated in this study, this may have implications for the timing and indications for treatment. This study also shows that only a longitudinal study design will provide evidence for a relationship between improved condylar alterations and craniofacial morphology.
CONCLUSIONS
• This study shows a drastic improvement in alterations of the condyle on the OPT and a trend toward normalization of the posterior rotation.
• Orthodontists should be aware of the possibility of condylar alterations in children with JIA, especially if they are retrognathic and have posteriorly rotated mandibles.
